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SUMMARY 
 
The passenger response time distributions adopted by the International Maritime Organisation (IMO) in their assessment 
of the assembly time for passenger ships involves two key assumptions.  The first is that the response time distribution 
assumes the form of a uniform random distribution and the second concerns the actual range of response times.   These 
two assumptions are core to the validity of the IMO analysis but are not based on real data, being the recommendations 
of an IMO committee.  In this paper, response time data collected from assembly trials conducted at sea on a real 
passenger vessel using actual passengers are presented and discussed. Unlike the IMO specified response time 
distributions, the data collected from these trials displays a log-normal distribution, similar to that found in land based 
environments.  Based on this data, response time distributions for use in the IMO assembly analysis for the day and 
night scenarios are suggested.  
 
 
1. INTRODUCTION 
 
Understanding how people behaviour in 
emergency situations within maritime settings is 
vital if we are to; design and develop evacuation 
efficient vessels and crew evacuation procedures, 
train crew in the management of evacuation 
situations and regulate the design and operation of 
vessels.  An essential component of this 
understanding is the collection and 
characterisation of human performance data. 
 
The EU project Fire-Exit [1] has made an 
important contribution to the development of our 
understanding of human behaviour within the 
maritime environment through the collection of 
human performance data in laboratory-scale trials 
relating to movement rates of passengers under a 
variety of conditions, including; static adverse 
angles of orientation, dynamic ship motion, a 
combination of dynamic motion and reduced 
visibility due to smoke and the time required to 
board a variety of Life Safety Appliances (LSA).  
In addition to these laboratory scale experiments 
two full-scale trials at sea using an operational 
passenger vessel and actual passengers were 
conducted as part of the Fire-Exit project.  The 
primary purpose of this work was to collect data 
relating to the response time of passengers 
involved in assembly trials.   
 
During an emergency, passengers will not respond 
immediately to the call to assemble.  The time 
between the instruction being issued and the 
passenger moving off to the assembly station is 
known as the response time (also referred to as 
pre-movement time). The response time is a key 
component of the entire evacuation process and so 
if we are to reliably simulate evacuation at sea [2,3] using 
models such as maritime EXODUS [4-6], it is essential 
that we fully understand and quantify the passenger 
response time [7].  The concept of occupant response 
time is not unique to maritime evacuation applications 
but is a standard feature of all evacuation situations [4].  
In building applications, occupant response time can in 
fact be longer than the actual evacuation travel time.  As 
a result considerable effort has been expended in the 
building industry in attempts to quantify and understand 
occupant response time for particular situations [4].   
 
Unfortunately, little or no data relating to passenger 
response time in maritime environments exists [8,9].  
Nevertheless, the passenger response time distribution in 
MSC 1033 [10] – the IMO document which sets the 
guidelines for ship based computer evacuation analysis - 
has been set to a distribution of 210 – 390 seconds with a 
mean of 300 seconds for “day” case scenarios and 420 – 
780 seconds with a mean of 600 seconds for “night” case 
scenarios.  The shape of these distributions is described 
by a uniform random probability function. 
 
The response time distributions adopted in MSC 1033 
[10] involve two key assumptions.  The first is that the 
response time distribution assumes the form of a uniform 
random distribution.  Evidence from studies in the 
building industry suggests that this is not the case with 
response time distributions typically following a 
positively skewed distribution, with large numbers of 
people displaying relatively short response times and 
fewer people displaying progressively longer response 
times.  In appearance, these response time distributions 
resemble log-normal distributions [4].  The second key 
assumption concerns the actual range of response times.  
This range is not based on real measurements but consists 
of values derived by committee.   
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Recently it has been demonstrated that using “log-
normal” like distributions to represent the 
response time distribution of passengers in the 
MSC 1033 specified evacuation analysis could 
produce significantly different conclusions 
concerning the suitability of the vessel to that 
produced using the recommended response time 
distribution [4].  The “log-normal” like response 
time distributions used in these analyses were 
based on data derived from the building industry, 
but scaled to fit the range of response times 
specified in MSC 1033.  While it was argued that 
the nature of the response time distribution in 
maritime and building applications are likely to be 
similar in shape, at least for the day case, no 
experimental data supporting this view was 
provided [4].  Furthermore, it may be argued that 
while the shape of the response time distribution 
may be similar in building and maritime 
environments, the actual extent of the distribution 
(i.e. mean and range) may in fact be quiet 
different.  Hence there is a real need to measure 
passenger response times in maritime 
environments to identify both the typical shape 
and the extent of the distribution.  
 
In this paper, response time data collected from 
assembly trials conducted at sea on a real 
passenger vessel using actual passengers [11] will 
be presented and discussed. Based on this data, 
response time distributions for use in the MSC 
“day” and “night” scenarios are suggested. 
 
 
2.  THE TRIALS 
 
The ship owner/operator GRIMALDI made one of 
its RORO ferries available for use in the trials.  
Two trials were conducted over two days on the 
Port of Rome to Barcelona route from 18/04/05 to 
22/04/05.  Both crew and passengers were aware 
that they were participating in experimental 
assembly trials.  Prior to the commencement of 
the trials a great deal of effort was spent in 
planning and choreographing the conduct of the 
trials. This was considered necessary given the 
responsibilities that the project had to the safety of 
all of those involved as well as maximising the 
quality and quantity of the data collected, while 
minimising the disruption to passengers.  Both 
trials were conducted in the morning (after 
breakfast on each day, just after 10am in the 
morning) with passengers distributed throughout 
the vessel according to their normal ship board 
activities i.e. the passengers were not artificially 
placed in specific locations.  On both days, 
passengers were instructed to assemble and don 
lifejackets.  
 
 
2.1 THE VESSEL  
 
The vessel consisted of 11 decks of which three could be 
utilised by passengers.  The total passenger capacity of 
the vessel is 1400, with 208 passengers in aircraft style 
seating, 626 accommodated in cabins and 566 deck 
passengers.  The vessel has a crew complement of 100.  
The vessel has 200 cabins of single, double, triple or 
quadruple berth.  On board the vessel are two restaurants, 
two bars and a casino area.  The ship also has a reception 
area, shop and outdoor pool.  The passenger cabins, 
aircraft style seating, restaurants, bars, casino and 
reception areas are all located on decks 7 and 8 (see 
Figure 1).  The vessel can also carry 120 cars and 111 
trailers.  
 
 
 
Deck 7 
 
Deck 8 
Figure 1: Deck 7 and 8 of the vessel 
 
2.2 ASSEMBLY PROCEDURES 
The trials utilised the vessels normal assembly 
procedures.  The mustering process involved passengers 
moving from populated areas around the vessel 
(including their cabins and public service areas) to their 
designated assembly stations.  The vessel has five 
assembly areas on decks 7 and 8 identified as A, B, C, D 
and E (see Figure 2).   The assembly process was in two 
parts, first the passengers assembled in their designated 
assembly areas and once this was completed, the 
passengers at assembly stations A, B and C would be 
instructed to join the passengers at assembly stations D 
and E prior to abandoning the vessel.  The data gathering 
exercise was focused on Deck 7, due to the number of 
assembly stations located on this deck and the cabin, 
public space and seating areas located on this deck. 
 
 
Figure 2: Location of Assembly areas 
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On reaching the final assembly stations the 
exercise was to be completed, except for 
subsequent data collection activities (i.e. the 
distribution of questionnaires).  From previous 
experience, the whole assembly process should 
take approximately between 30 and 60 minutes, 
although the exact time would depend upon the 
efficiency of the performance of the passengers 
and crew. 
 
2.3 THE DATA COLLECTION PROCEDURES 
 
While the data collection procedures were planned 
quite thoroughly prior to the trial, the procedures 
employed during the trials were modified in order 
to cope with the changing conditions and 
constraints of the trials.  In addition, the 
procedures had to be sufficiently flexible to 
accommodate the wishes of the Captain, who as 
Master of the vessel could intervene at any time 
and request a change to the planned protocol.  
 
In order to capture most of the behaviour and data 
for timed analyses, video cameras were positioned 
in key locations within the vessel.  Video cameras 
were placed in cabin sections, the aircraft style 
seating areas, and public areas as well as along 
some of the main corridors.  In total 12 fixed 
video cameras and two roving video cameras were 
used in the trials. In addition, once each trial was 
completed, questionnaires were distributed to the 
passengers.  The questionnaires were designed to 
provide additional information regarding the 
passengers and their experiences.  On the morning 
of each trial and immediately prior to the trial, the 
camera equipment was positioned around the 
vessel. Similarly the questionnaires and drop 
boxes were located at the last moment. This was 
to prevent the passengers interfering with the 
equipment and also to prevent the passengers 
becoming too familiar with the concept of the 
trial.  
 
2.4 TRIAL CONDITIONS 
 
The trials took place on the morning of the 20th 
and 21st April 2005.  The first trial took place on 
the outward leg of the voyage.  On this leg of the 
trip, there were some 508 passengers on board.  
The majority of which were unaccompanied 
teenage school students (see Table 1).  The trial 
took place at approximately 10:00 which was 
some 1-2 hours after the breakfast service had 
closed.  The majority of passengers were located 
in the aircraft style seating areas and the public 
spaces.  The weather conditions were quite poor 
and a large number of passengers experienced sea 
sickness.  The conditions were so poor that the 
Captain decided not to allow passengers to 
assemble in the uncovered areas of the vessel 
(assembly stations D and E).  Some 124 questionnaires 
were completed and returned by the passengers, 
representing 25% of those on board. 
 
The second trial took place on the return leg of the 
voyage on the following day.  On this leg of the trip, 
there were some 236 passengers on board.  There was a 
mixture of adult and unaccompanied school aged 
children (see Table 1).  This trial took place at 
approximately the same time as the previous trial.  In this 
trial a large number of passengers were located in cabins 
and the public spaces.  The weather conditions were fine 
and calm.  In this trial the Captain allowed the passengers 
to assemble in the uncovered areas of the vessel.  Some 
80 questionnaires were completed and returned by the 
passengers, representing 34% of those on board.  
 
In Trial 1 some 80% of the respondents noted that this 
was their first time aboard the Eurostar Roma while 52% 
of the participants in Trial 2 noted that this was their first 
time on board.  Furthermore, 77% and 76% of the 
respondents in Trials 1 and 2 respectively noted that this 
was the first time they had been involved in an assembly 
drill. 
Table 1: Age range of respondents in both trials. 
Age Range % of 
respondents 
in trial 1 
% of 
respondents 
in trial 2 
Under 21 years of 
age 
42 21 
Between 21 and 
50 years of age 
16 28 
Greater than 50 
years of age 
9 10 
No response 33 41 
 
2.5 TRIAL EXECUTION 
 
According to the trial protocols, once passengers boarded 
they were to be informed that an assembly drill would 
take place and that their performance would be recorded 
as part of a research study.  It was considered important 
that the exact time at which the drill would take place 
was not passed onto the passengers until the last possible 
moment.  Furthermore, while it was considered necessary 
to inform senior members of the crew concerning details 
of the drill, the majority of the crew should not be 
informed.  As the trials unfolded several important 
differences occurred between the trials as planned and as 
executed.  These differences, which were due largely to 
influences beyond the control of the research team, had a 
direct influence on the nature and quality of the results 
generated.  
 
The weather influenced the execution of the first trial.  
During the first trial, inclement weather prohibited the 
full assembly procedure from being employed. During 
this trial, passengers were assembled internally and did 
not proceed to their external assembly stations as was 
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originally intended. The poor weather conditions 
experienced during trial 1 also meant that 
passengers were less likely to take the trial 
seriously.  Indeed, a number of passengers could 
not take part due to sea sickness. 
 
Perhaps more significant was the degree of fore 
warning the passengers had prior to each trial.  In 
accordance with wishes of the Captain, 
announcements were made at regular intervals 
prior to the commencement of the drill.  For the 
second trial the following sequence of events were 
noted up to one hour prior to the drill: 
 
• -53 min: Captain makes an announcement 
that there will be a drill at 10:00. 
• -28 min: Captain makes an announcement 
that there will be a drill at 10:00 and 
passengers are not to abandon the vessel, but 
that they should go back to cabins and collect 
warm clothing and jackets. 
• -23 min: Passengers with life jackets seen in 
corridors. 
• -18 min: Slot machines in casino shut down 
and casino cleared of passengers.  
• -13 min: Bar closed. 
• - 4 min: Senior crew members walking 
around the vessel checking readiness of 
vessel and crew. 
• - 3 min: Captain makes an announcement 
that the drill will start in a couple of minutes. 
• 0 min: Alarm sounded (approximately 
10:08). 
 
The degree of forewarning meant that the 
passengers and crew were alert to the impending 
drill well in advance.  This meant that some 
passengers did not take the drill very seriously.  In 
addition, a considerable number of passengers 
disengaged from their normal activities, for 
example bars and recreation spaces, including the 
casino were closed and ceased trading, and 
passengers returned to their cabins and were even 
donning lifejackets well in advance of the 
sounding of the alarm.  Other passengers were 
moving towards the designated assembly areas 
prior to the commencement of the drill.  
 
It is clear that some of the passengers commenced 
the assembly process prior to the sounding of the 
alarm, and responded to the preparatory 
announcements rather than waiting for the actual 
alarm call.  This had the effect of reducing the 
number of people from which useful response 
time data could be measured and perhaps of more 
importance, made the actual measured response 
time data less reliable as the precise start time for 
the process is unclear.  In situations with a 
reduced forewarning, passenger response time 
may be expected to be longer, with a greater 
period of time between the sounding of the alarm and the 
first movement of passengers.  In addition, it is possible 
that levels of congestion experienced in various corridors 
and other regions of the vessel may be reduced due to the 
staggered nature of the passenger response.  
 
This is not to say that the data produced in these trials are 
not representative of some ship board emergency 
situations.  In some actual ship board emergency 
scenarios it is likely that a certain degree of passenger 
forewarning of the possible need to evacuate will be 
given prior to the general call to assemble, for example 
the Sun Vista and Ecstasy fire [12] incidents.    However, 
in other instances, little or no warning is given of the 
need to evacuate for example the Herald Of Free 
Enterprise capsize [13], the Scandinavian Star and Star 
Princess fires [14, 15].  Given the nature of the Eurostar 
Roma trials, the response data collected should be 
considered only applicable to situations where there is 
considerable forewarning of the possible need to 
evacuate prior to the actual call to assemble being issued.  
 
3. THE TRIALS AND ANALYSIS OF TRIAL 
 DATA 
 
The primary data presented in this paper was collected in 
the form of video footage which was then analysed frame 
by frame in order to extract the timings of passenger 
activities.  Video footage was acquired from 14 cameras 
positioned throughout the vessel. This provided a means 
of collecting response times, movement rates and 
miscellaneous qualitative behaviours.  The video footage 
was converted to digital format (Microsoft’s WMV 
format) to aid in the analysis process.   
 
3.1 AREAS FROM WHICH RESPONSE TIME 
 DATA WAS COLLECTED 
 
In order to investigate how the nature of the environment 
and the activity that the passengers were involved in 
influenced the passenger response, data was collected 
from four distinct areas of the vessel.  
 
These four areas were: 
 
• Selected cabin blocks,  
• Corridors within selected cabin block areas,  
• Public spaces (Bar area) and  
• Aircraft style seating area. 
 
The cabin data was taken from blocks of cabins across 
decks 7 and 8 (see Figure 1). These areas were selected 
as they were the most likely to be occupied. Cameras 
were placed in the corridors outside of the cabins in order 
to record when the passengers emerged from their cabins. 
 
Response times were also collected from a public service 
area (see Figure 3(a)) and the aircraft style seating area 
(see Figure 3(b)) on deck 7. These were selected because 
they presented entirely different, but typical locations in 
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which passengers may be found, in day time, prior 
to a call to assemble.  The public service area 
from which data was collected included a bar, a 
snack bar, amusements and a seating area. Again 
this provided a variety of different situations in 
which passengers may be expected to congregate, 
all of which may influence their time to respond to 
the call to muster.  The aircraft style seating area 
is a seating area used by people without cabin 
accommodation. There are luggage racks in this 
room and over night, passengers will be sleeping 
in this area.  In Trial 2 no data was collected from 
the aircraft seating area due to the small number 
of people located in this area.  
 
  
(a) Deck 7 bar, restaurant and 
casino area 
(b) Deck 7 aircraft style 
seating area 
Figure 3: Areas on Deck 7 from which data was 
collected. 
 
3.2 DATA ANALYSIS TECHNIQUE 
 
The response time represents the time between the 
call to assemble (i.e. the start of the sounding of 
the alarm bleeper) and the time that the passenger 
makes a purposive movement to leave their 
location and move towards the assembly area.  It 
was noted that some passengers returned to their 
cabins to collect belongings or reunite with family 
members following the sounding of the alarm.  In 
these cases, a preparation time was also measured.  
This represents the time between the time of 
arrival of the passenger at their cabin, up to the 
point when they reappear from their cabin and 
make a purposive movement to towards the 
assembly area.  The preparation time therefore 
assumes that the passenger will have been 
informed of the need to assemble prior to 
returning to their cabin.  
 
Due to the nature of the announcements in these 
trials, some passengers positioned themselves at 
the assembly stations before the drill was 
announced and therefore effectively sat out the 
entire drill. These passengers were discarded from 
the response time analysis.   
 
Prior to the drill, passengers received many 
warnings that there was to be a lifejacket and 
assembly drill.  For the first drill, in the 10 
minutes prior to the start of the drill, the 
passengers received a 10 minute Public Address (PA) 
warning, followed by a one minute PA warning.  For the 
second drill, in the 10 minutes prior to the drill, 
passengers were given a two minute warning.  Shortly 
after the final PA announcement, a 24 bleep siren was 
sounded throughout the vessel, this was the Main 
Evacuation Alarm Signal (MEAS).  The start of the 
sounding of the MEAS was taken as the starting point for 
recording passenger response times.  Therefore, the 
response time data analysis does not include passengers 
already moving towards an Assembly Station at the start 
of the MEAS.  
 
The analysis of passenger response times was split into 
three distinct zones, the Cabin Zone, Public Space Zone 
and the Aircraft Seating Zone. Due to the variation in 
occupant behaviour in these three zones, slight variations 
in the definition of the ‘response time’ was required for 
analysis purposes.  However, in general, ‘response time’ 
was synonymous with the time after the MEAS that the 
passenger set-off for the assembly station(s) without 
being seen to stop or immediately return to the area they 
were leaving. In addition, a preparation time was also 
measured for passengers returning to their cabin after the 
sounding of the MEAS. 
 
The differences in behaviour associated with the three 
zones are as follows: 
 
3.2.1 Cabin zone response time: 
 
There were two types of behaviours that were measured 
separately for passengers in the cabin zone.  
 
(a) Passengers Starting in Cabin: This relates to 
passengers who were in their own or a companion’s 
cabin at the sounding of the MEAS and who set-off some 
time after the MEAS sounded. ‘Set-off’ means emerging 
from the cabin with or without lifejackets and personal 
effects, traversing or securing the cabin door and making 
their first move for the Assembly Station.  It is important 
to note that simply exiting the cabin does not necessarily  
mark the end of the response time as passengers must 
also begin to walk off towards the assembly station. 
 
(b) Passengers Returning to Cabins - Preparation Time:  
A number of passengers who were originally located in 
the public spaces of the vessel were observed to return to 
their cabins after the sounding of the MEAS prior to 
setting off to the assembly stations. For these passengers 
a Preparation Time was measured. The preparation time 
was measured from when these passengers entered their 
cabin (passenger traversing the cabin threshold) up to the 
time when the passengers was seen traversing or securing 
the cabin door.  
  
3.2.2 Public Spaces - Bar zone response time 
 
There were two types of behaviour that were measured 
separately for passengers in the public spaces.  
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(a) Standing passengers in the Deck 7 Starboard 
bar zone: This relates to passengers who were 
standing at the sounding of the MEAS, either 
alone or in groups, in the starboard bar zone of 
Deck 7.  The end of the response time for standing 
passengers in the starboard bar zone of Deck 7 
was the moment they turned and began to set-off 
for the assembly station, after finishing all their 
business with the bar and other passengers 
standing or sitting in their vicinity, including 
collecting their belongings, putting coats on etc, 
but without subsequently stopping or returning. 
 
(b) Seated passengers in the Deck 7 Starboard bar 
zone: This relates to passengers who were seated 
at tables either alone or in groups, at the sounding 
of the MEAS. The end of the response time for 
these passengers was the moment, after they stood 
up, that they turned and began to set-off for the 
assembly station, after finishing all their business 
with the bar and other passengers in their vicinity 
including collecting their belongings, putting 
coats on etc, but without subsequently stopping or 
returning. 
 
3.2.3 Aircraft Seating Zone response time 
 
Two types of passenger behaviour and two sub-
zones were apparent: 
 
(a) Standing passengers: This relates to passengers 
who were standing at the sounding of the MEAS, 
either alone or in groups. The end of the response 
time for standing passengers was the moment they 
turned and began to set-off for the assembly 
station, after finishing all their business with their 
seat and other passengers standing or sitting in 
their vicinity, including any waiting there, social 
interaction with other passengers or collecting 
their belongings, putting coats on etc, but without 
subsequently stopping or returning. 
 
(b) Seated passengers: This relates to passengers 
who were seated at the sounding of the MEAS, 
either alone or in groups.  The end of the response 
time for seated passengers was the moment, after 
they had stood up from their seat, they turned and 
began to set-off for the assembly station, after 
finishing all their business with their seat and 
other passengers standing or seated in their 
vicinity, including any waiting there, social 
interaction with other passengers or collecting 
their belongings, putting coats on etc, but without 
subsequently stopping or returning.  
 
3.3 NUMBER OF DATA POINTS 
 
Across the two trials response time data for 264 
people (representing 36% of the passengers on 
board) was collected, 134 in Trial 1 and 133 in 
Trial 2.  The break down of collected data in Trial 1 was 
as follows:  
 
• 42 passengers in public spaces (bar area). 
• 58 passengers located in the aircraft style seating. 
• 22 passengers originally located in their cabins. 
• 12 passengers who returned to their cabin. 
 
The break down of collected data in Trial 2 was as 
follows: 
 
•  25 passengers in public spaces (bar area). 
•    0 passengers located in the aircraft style seating. 
• 104 passengers originally located in their cabins. 
•     4 passengers who returned to their cabin. 
 
4.0 THE COLLECTED DATA 
 
As the nature of the trials on both days were similar and 
the data was collected from identical regions in both 
trials, the response time data derived from these trials 
have been combined. It should be noted that the 
distributions for both days are similar in their nature and 
similar to that of the combined data presented here.  
Readers wishing to see the data from each trial should 
consult the original report [15].  
 
4.1 RESPONSE TIMES – PUBLIC SPACES 
 
The bar area consisted of passengers socialising in a 
public space.  It should however be noted that the bar, 
food service and the casino was closed prior to the 
MEAS.  The response time distribution in the bar area 
should be compared with the IMO uniform normal day 
response time distribution [10] which extends from 210 
seconds to 390 seconds. 
 
The combined response time data for the public spaces 
collected from the two trials contained 67 data points, 42 
from Trial 1 and 25 from Trial 2.  The frequency 
distribution for these response times is presented in 
Figure 4.  The range of response times observed across 
the two trials extends from 3 seconds to 285 seconds with 
an average response time of 48 seconds.  This is a 
considerably shorter response time than that found for 
passengers located in their cabins at the start of the drill 
(see section 4.3).  This may have been due to the fact that 
the passengers in the public spaces were more exposed to 
other people around them and the crew.  In addition, the 
passengers in their cabins are genuinely likely to incur a 
longer preparation time (see section 4.4) then passengers 
in public spaces. 
 
As can be seen in Figure 4, the response time data is 
positively skewed with a significant number of the data-
points falling within the lower quartile.  The combined 
data appears to display a log-normal type shape, typical 
of response time distributions collected from evacuations 
in the built environment.  In addition, the response time 
distribution observed in these trials for public spaces has 
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a considerably lower minimum and a lower 
maximum than that specified by IMO [10] for the 
day case. 
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Figure 4: Histogram of the frequency distribution 
of the response times from the bar area across the 
two trials. 
 
4.2 RESPONSE TIMES– AIRCRAFT 
 SEATING AREA 
 
Data from 58 passengers located in the aircraft 
seating area was collected from Trial 1 (see Figure 
5). Unfortunately no data from this location was 
available in Trial 2.  On average, these passengers 
responded after 106 seconds. The range of 
response times extends from 37 seconds to 230 
seconds.  The Aircraft Seating Area is a complex 
space as it represents an area where passengers 
sleep and store their possessions – as if in cabins - 
and it also represents a public area with day 
activities.  It is thus potentially a mixture of the 
MSC 1033 day and night areas.  Passengers in this 
area have not taken as long as passengers in the 
cabin area to respond (7 – 563 seconds with a 
mean of 98 seconds, see section 4.3), but have 
response times which are comparable to those of 
passengers in the public area (3 – 285 seconds 
with a mean of 48 seconds, see section 4.1).  
However, in the seated area, unlike in the public 
spaces, we find fewer passengers with very short 
response times (i.e. response times near zero).  
Nevertheless, the overall response time 
distribution resembles a log-normal distribution, 
as found in the built environment [4], all-be-it 
translated slightly to the right.   
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Figure 5: Frequency distribution of the response 
times of the passengers located in the aircraft style 
seating area during Trial 1. 
As in the case of the bar response times, the response 
time distribution observed in these trials for the Aircraft 
Seating area has a considerably lower minimum and a 
lower maximum than that specified by IMO [10] for the 
day case 
 
4.3 RESPONSE TIMES - CABINS 
 
The combined data produces a data set involving 127 
data points, 22 from Trial 1 and 105 Trial 2.  The 
frequency distribution for these response times is 
presented in Figure 6.  As can be clearly seen from this 
figure, the data is strongly positively skewed.  The range 
of response times derived from the two trials for the 
cabin area extends from 7 seconds to 563 seconds with 
an average response time of 98 seconds.  As suggested 
previously, it must be recalled that the passengers in 
these trials had a considerable amount of pre-warning 
and due to the timing of the trials, it is unlikely that 
many, of the passengers were asleep at the time.   
 
The range of observed response times for the cabin area 
can be compared with the IMO night response time, 
which refers to sleeping passengers in cabins and extends 
from 420 seconds to 780 seconds and the IMO day 
response time, which refers to awake passengers in 
public areas and which extends from 210 seconds to 390 
seconds [10].   Clearly, the measured range of response 
time is significantly different from both the IMO night 
and day scenarios.  The upper limit of the observed data 
falls between the day and night upper limit, being some 
28% shorter than the upper limit of the night case.  
Furthermore, unlike either the night or day case, the 
lower limit is quite close to zero seconds, significantly 
different from both IMO cases.  In addition, while the 
upper limit of the observed response time distribution is 
greater than that of the IMO day scenario, the frequency 
of occurrence of these long response times is very small.  
This is significantly different to the situation with the 
IMO distribution. As the IMO distribution assumes a 
uniform random distribution, the longest response times 
are just as likely to occur as the shortest response times.  
Once again, in reviewing these results it should be 
recalled that the passengers had a considerable amount of 
pre-warning in these trials.  Furthermore, as the trial took 
place during the late morning, it is likely that most of the 
passengers were awake (see section 4.4).   
 
In addition to the range of response times, the nature of 
the functional form describing the trial distribution 
should be compared with the uniform random 
distribution specified in MSC 1033.  Clearly, the curve 
derived from this trial is non-uniform and skewed to the 
lower quartile times.  This trend is similar to that found 
in response time distributions observed in day 
evacuations in the built environment [4] having a 
characteristic log-normal shape. 
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Figure 6: Histogram of the frequency distribution 
of the Cabin response times across the two trials. 
 
4.4 CABIN PREPARATION TIMES 
 
A total of 16 passengers, 12 from Trial 1 and 4 
from Trial 2, were observed to return to their 
cabins in order to collect lifejackets, reunite with 
members of their family, collect belongings etc.   
For these passengers it is possible to determine a 
preparation time.  This relates to the time between 
the passenger arriving at their cabin and 
subsequently leaving for the assembly station.  It 
provides an indication of the time required by 
passengers to prepare for an evacuation after 
returning to their cabins.  Of all of the data 
collected in these trials, this probably is least 
affected by the degree of pre-warning as it is 
measured from the time the passenger enters the 
cabin to the time they leave 
 
The frequency distribution for these preparation 
times is presented in Figure 7.  The range of 
preparation times observed across the two trials 
extends from 14 seconds to 224 seconds.  Due to 
the small number of available data points it is not 
possible to determine with much reliability the 
nature of the distribution however, Figure 7 
suggests that the preparation time may 
approximate an almost normal distribution.  This 
would appear to be a reasonable approximation as 
some passengers are expected to take a long time 
and some passengers are expected to take a short 
time, depending on the amount of items they need 
to locate and the tidiness of their cabins.  
 
On average passengers spent 94 seconds preparing 
to evacuate once they had arrived at their cabin, a 
similar amount of time to the average (98 
seconds) achieved by those already in their cabins 
(see section 4.3).  If the measured Preparation 
Time is taken as an indication of the general time 
required by passengers in cabins to prepare to 
evacuate, it suggests that on average passengers 
who were originally located in their cabins (see 
section 4.3) took on average only 4 seconds to 
respond to the MEAS.  If the passengers in the 
cabins were asleep at the time of the MEAS, it is 
likely that considerably more time would have 
been required to react to the alarm (for example to 
awake from sleep).  This reinforces the earlier comments 
concerning the likelihood that the majority of passengers 
already in their cabin were likely to be awake and 
waiting for the assembly call and that therefore, the times 
derived in section 4.3 should be considered as 
representative of a “day” rather than a “night” scenario.  
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Figure 7: Frequency distribution of the preparation times 
collected across both trials 
 
5.0 GENERALISED RESPONSE TIME 
 CURVES 
 
The response time data presented in section 4 for the bar, 
aircraft seating area and cabins was reformulated as 
continuous probability density distributions.  This was 
based upon the original data taken over 10 second 
intervals.  These new curves are presented in Figure 8 to 
Figure 10.  The total area under the probability density 
curve is equal to 1.0.  
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Figure 8: Response time probability density distribution 
for the Bar area. 
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Figure 9: Response time probability density distribution 
for the Aircraft Seating area. 
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Figure 10: Response time probability density 
distribution for the Cabin area. 
 
Here we attempt to model these probability 
density distributions using a generalised log-
normal curve of the type shown in equation (1), 
  
( )( )
⎥⎥⎦
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⎡ −−= 2
2
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2
1
σ
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σπ
x
x
y  (1) 
 
where; x is the response time (seconds) as 
measured in the experiment, y is the probability 
density function at response time x and σ and μ 
represent the standard deviation and mean 
respectively of the normally distributed Ln(x).  
 
In order to test how closely the original data set 
could be represented by a log-normal curve, a chi-
squared test was performed.   The chi-squared test 
can only be carried out on discrete data and so to 
undertake the test the actual probability 
distributions were used rather than the probability 
density distributions shown above.  As part of the 
chi-squared test, two competing hypothesis were 
examined, namely: 
 
H0:The response data follows the log-normal 
distribution. 
H1:The response data does not follow the log-
normal distribution. 
 
For the Bar response time data (σ = 0.94 and μ = 
3.44) we find the following log-normal probability 
density curve is generated using equation (1), 
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For the Bar response time data, the chi-square 
goodness of fit test, applied to the probability 
distribution suggested that the data was accepted 
as coming from the log-normal distribution at the 
5% significance level. That means that there 
would be a 5% chance of rejecting H0.  A 
comparison between the Bar response time 
probability density distribution and the log-normal 
curve described by equation (2) is presented in 
Figure 11. 
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Figure 11: Comparison of Bar response time probability 
density data and fitted log-normal curve 
 
For the Aircraft Seating area response time data (σ = 0.31 
and μ = 4.62) we find the following log-normal 
probability density curve is generated using equation (1),  
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For the Aircraft Seating area response time data, the chi-
square goodness of fit test applied to the probability 
distribution suggested that the data was accepted as 
coming from the log-normal distribution at the 5% 
significance level. That means that there would be a 5% 
chance of rejecting H0.   A comparison between the 
Aircraft Seating response time probability density 
distribution and the curve described by equation (3) is 
presented in Figure 12. 
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Figure 12: Comparison of Aircraft Seating response time 
probability density data and fitted log-normal curve 
Unlike the other two data sets, it was not possible to 
produce a log-normal curve which fitted the Cabin 
response time probability distribution which satisfied the 
chi-square test. A comparison between the probability 
density data and the fitted log-normal curve is presented 
in Figure 13.  There are several areas that significantly 
contribute to producing the poor chi-square test statistic.  
These are: 
 
a) The relatively large number of people responding 
within the first 30 seconds. 
b) Larger than expected numbers of people responding in 
the periods, 160-170, 220-240 and 400-520 seconds. 
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Figure 13: Comparison of Cabin response time 
probability density data and fitted log-normal 
curve 
We know that for those passengers who returned 
to their cabins, the preparation time varied from 
14 to 224 seconds.  This provides an indication of 
the likely time required by passengers within 
cabins to prepare for the assembly process.  
Furthermore, only one passenger required a 
preparation time of less than 25 seconds.  
Therefore it is suggested that the relatively large 
number of passengers with a response time of less 
than 30 seconds may be accounted for by the level 
of pre-warning, with a number of passengers 
simply awaiting the sounding of the assembly 
alarm before heading off.  This contribution to the 
chi-square statistic may thus simply be an artefact 
of the participant awareness of the drill. 
 
The unusual number of passengers with response 
times between 160-170 and 220-240 seconds may 
also be a result of the passenger awareness of the 
drill.  In both trials there were incidences of 
groups of people leaving their cabins and standing 
around in the corridor talking and socialising 
before they made their way to the assembly 
stations.  As passengers were deemed not to have 
responded until they made a decisive move 
towards the assembly stations, these types of 
activities would have prolonged the response time.  
It is difficult to say if this type of behaviour would 
be expected in a genuine emergency situation 
however, here again the fact that the passengers 
were aware that this was a drill may have 
influenced the behaviour of the passengers 
thereby producing these unexpected groupings of 
results.  
 
The final cluster of response times which are 
considered unusual occurred around 400-520 
seconds. Two passengers from trial 1 and six 
passengers from trial 2 contributed to these long 
response times. From the questionnaire data we 
know that in trial 1, 26 passengers stated that they 
were asleep at the start of the trial and 1 stated that 
they were in the shower while in trial 2, 18 stated 
that they were asleep and four stated that they 
were in the shower.  It is possible that not all of the 
participants who stated that they were asleep were in 
cabins however, it is likely that all of the passengers who 
stated that they were in showers were in cabins.  Thus it 
is likely that all of the passengers who contributed to the 
long response times were either in the shower or asleep at 
the start of the drill.   
 
Taking these factors into consideration, it is suggested 
that the log-normal curve presented in Figure 14 is a 
reasonable representation of the response time 
distribution for passengers located in their cabins during 
the day. 
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Figure 14: Truncated log-normal distribution fitted to 
smoothed cabin response time probability density data 
The chi-squared test for the truncated Cabin response 
time probability distribution data produced a Х2 = 18.9 
against a critical value of 14.07 at the 0.05 significance 
level with 10 degrees of freedom.  While the hypothesis 
H0 is not accepted, the curve produces a reasonable fit 
given the anomalies in the data set mentioned above. 
(Note that the hypothesis that the smoothed Cabin 
response data follows the log-normal distribution is 
accepted at the 0.025 significance level.) 
 
The log-normal curve that represents this data (σ = 0.84 
and μ = 3.95) is given by;  
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with  x < 300 seconds. 
 
6.0 SUGGESTED RESPONSE TIME CURVES 
FOR DAY AND NIGHT APPLICATIONS 
 
Based on the data produced from the two Roma trials, a 
recommendation for response time distributions to be 
used in formal evacuation analysis is suggested.  It is 
acknowledged that data from only two trials is not 
sufficient to make a reliable recommendation.  However, 
as the current formal evacuation analysis [10] makes use 
of arbitrary response time data, the response time 
distributions suggested here have the advantage of being 
based on real data derived from a maritime environment. 
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6.1 SUGGESTED DAY RESPONSE TIME 
DISTRIBUTION 
 
In the recommended IMO day case analysis [10], 
passengers are assumed to be located only in the 
public spaces of the vessel, with no passengers 
located in cabins.  Thus the response time 
distributions derived from the Roma trials for the 
Bar and Aircraft Seating areas are representative 
of the intent of the MSC 1033 analysis [10].  
While both sets of curves (equations (2) and (3)) 
appear quite different to each other, they both can 
be represented by log-normal curves.  
Furthermore, it was suggested in [4] that the exact 
shape of the log-normal was unlikely to impact 
the general conclusions of the evacuation analysis.  
Thus both sets of curves are considered suitable 
contenders for the day case response time 
distribution. 
 
Clearly the main differences between the response 
time distributions derived from the Roma data i.e.  
Figure 11 and Figure 12 and that recommended in 
MSC 1033 is the shape of the distributions and the 
range of response times.  As already stated, the 
shape of the distributions derived from the Roma 
data is log-normal compared to the uniform 
random distribution of the MSC 1033 distribution 
[10].  Furthermore, the shape of the Roma 
distributions conforms to the general shape of the 
response time distributions observed in the 
building industry (see for example the Retail Store 
and Library response time data in [4]).  Indeed, 
the response time data collected in the Bar area is 
similar in nature to that collected in land based 
retail premises [4] while the Aircraft Seating area 
data (excluding the initial period in which no one 
responds) is similar in nature to that collected 
from a land based library [4] (see Table 2).   
 
Table 2: Comparison of response time data 
derived from the Roma trials and land based data 
presented in [4]. 
% of people who have responded after  
50  
seconds 
100 
seconds 
150 
seconds 
200 
seconds 
250 
seconds 
300 
seconds 
Bar 73.0 90.8 96.3 98.5 99.5 100 
Retail4 81.1 98.8 100 100 100 100 
Aircraft 
Cabin 
Seating 
area 
2.5 54.9 91.5 99.0 100 100 
Aircraft 
Cabin 
Seating 
area* 
42.2 87.6 98.4 100 100 100 
Library4 53.8 94.1 99.5 100 100 100 
*Initial portion of the distribution with zero probability 
excluded. 
 
The range of response times derived from the 
Roma trials differs considerably from that 
specified in the MSC 1033 requirements [10].  According 
to MSC 1033, the response time distribution extends 
from 210 – 390 seconds.  For the fitted log-normal 
function describing the Bar response times, the 
distribution runs from 0 – 300 seconds, while for the 
Aircraft Seating area, the response times run from 0 – 
240 seconds.  Clearly the range of response times is quite 
different and this will have an impact on overall 
assembly times. 
 
In order to gauge the impact of these response time 
distributions on an evacuation analysis, they were applied 
to the hypothetical ship layout described in [4].   The 
vessel and its population distribution are identical to that 
described in [4], so only a brief overview of the vessel 
will be provided here.  
 
The vessel consists of 10 decks divided into three vertical 
fire zones, with only the top five decks (Decks 6 -10) 
being occupied by passengers.  The vessel consists of a 
number of passenger cabins and a range of public areas 
including bars, dinning areas, theatre, lounge areas, etc.  
The assembly areas are located on Deck 8 and there are 
two for each fire zone.  Passenger cabins are located on 
both decks 6 and 7 in fire zones 1 and 2 and both decks 9 
and 10 in fire zone 3. A large theatre is located on deck 7 
in fire zone 3, dinning areas and bars are located 
throughout deck 8 and within fire zone 2 on deck 9.  The 
vessel has a capacity of 1734 passengers and a maximum 
berthing capacity of 950 passengers.   The population 
used in these simulations consists of 1300 passengers 
representing 75% of the maximum capacity of the vessel 
as specified by the IMO guidelines [10].  The simulations 
were run in accordance with IMO 1033 [4,10]. 
Table 3 – Average results (over the 50 repeat 
simulations) for each Scenario 
 
 
Response 
Time 
Distribution 
Average 
response 
time 
(sec) 
Average 
cumulative 
congestion  
(sec) 
Average 
individual 
assembly time 
(sec) 
Assembly 
time 
(sec) 
RTD 14 
IMO 
distribution 
298.2 
[298.1 
– 
298.4] 
12.1 
[9.8 
– 
 14.6] 
382.4 
[377.7 
 –  
392.5] 
670.3 
[633.2 
 – 
703.2] 
RTD 24 
Retail 
premises 
distribution 
33.4 
[33.4 
 –  
33.5] 
35.7 
[34.0 
 –  
38.6] 
141.0 
[139.4 
 –  
143.4] 
428.3 
[402.6 
 – 
455.0] 
RTD 5 
Bar 
distribution 
46.7 
[46.6 
 - 
 46.9] 
29.1  
[26.0 
 -  
32.6] 
145.9  
[142  
-  
149.1] 
488.0  
[418.8  
-  
555.6 
RTD 6 
Aircraft 
Seating area 
distribution 
105.8 
[105.7 
- 
105.9] 
28.5 
[26.3 
 - 
30.8] 
203.9 
[201.7 
 -  
206.5] 
484.7  
[457.6 
 -  
511.0] 
 
Two simulations were performed for the day case.  In 
these simulations the Response Time Distribution (RTD) 
was specified using equation (2) (RTD 5) and equation 
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(3) (RTD 6).  The results from these simulations 
are compared with the results presented in [4] 
generated using the default IMO response time 
distribution (RTD 1) and the unmodified retail 
premises response time distribution (RTD 2) from 
the built environment. 
 
A summary of the overall results are presented in 
Table 3 and Figure 15. The values shown in Table 
3 represent attribute averages produced by each 
simulation and the range of those averages over 
the 50 repeat simulations (shown in “[]”).  As 
some of the terms appearing in Table 3 may not 
be familiar to all readers, a brief explanation of 
these terms will be provided.  The Cumulative 
Congestion is a parameter determined by 
maritimeEXODUS for each person during the 
assembly process.  It represents the total amount 
of time wasted by a person in congestion during 
the assembly process.  The Cumulative 
Congestion time for each person in a particular 
simulation can be averaged to produce the 
Average Cumulative Congestion time.  This then 
is a measure of the average amount of time wasted 
in congestion for a particular simulation.  When 
the simulation is repeated a number of times, the 
average of the Average Cumulative Congestion 
time can be determined.  The Assembly Time is 
simply the time required for all the passengers and 
crew to gather at the assembly stations.  The 
Individual Assembly Time is the time required for 
each individual person to reach the assembly 
station.  Thus, the Average Individual Assembly 
time is the average time required for a person to 
reach the assembly station within a particular 
simulation.  When the simulation is repeated a 
number of times it is possible to determine the 
average Average Individual Assembly time.  
 
As can be seen, the average congestion 
experienced by an occupant is significantly 
greater for all the cases examined when compared 
against the IMO day case (RTD 1).  This 
observation is consistent with the observations 
from the earlier work utilising the land based 
response time distributions.  This is due to the 
relatively large number of passengers with short 
response times produced by the log-normal 
distributions.  Furthermore, we note that the Total 
Assembly Time for the three response times 
distributions derived from real data are similar 
with the time produced by RTD 5 being the 
greatest.   This is due to RTD 5 producing the 
longest response times (see Table 3).  Here we 
have a few passengers with a response time 
greater than 200 seconds (see Table 3) prolonging 
the total assembly time as noted in Figure 15.   
 
A more detailed analysis of how a scenario 
unfolds can be conducted by noting the results for 
a particular simulation.  This is achieved by selecting a 
simulation from the 50 repeat cases that produces an 
assembly time near the mean.   Depicted in Figure 15 is a 
graph of the total assembly time for a representative 
simulation for each response time distribution. 
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Figure 15: Arrival at assembly station curves for the four 
response time distributions 
We note from Figure 15 that RTD 2 and RTD 5 produce 
virtually identical assembly time curves.  This is due to 
the similar nature of the RTDs in these two cases, in 
particular the time that the first people start to move and 
the relative numbers of people commencing to move at 
different times.  The RTD 1 and 6 curves are also similar 
to the other curves but effectively translated to the right.  
This is due to the relatively long delay that is incurred by 
the first people who start to move. 
Table 4 – Congestion areas produced in a representative 
simulation for each Response Time Distribution 
RTD 1 (IMO) RTD 2 (retail premises) 
Congestion 
Region 
Duration 
(s) 
% of 
assembly 
time 
Duration 
(s) 
% of 
assembly 
time 
C1 55 8.1 123 28.2 
C2 40 5.9 137 31.4 
C3 54 7.9 104 23.9 
C4 42 6.2 175 40.1 
C5 - - 138 31.7 
C6 - - 115 26.4 
C7 - - 181 41.5 
C8 - - 145 33.3 
 
RTD 5 (Bar) RTD 6 (Aircraft seating area) Congestion 
Region Duration 
(s) 
% of 
assembly 
time 
Duration 
(s) 
% of 
assembly 
time 
C1 157.7 31.1 90.5 18.1 
C2 62.0 12.2 87.7 17.5 
C3 63.8 12.6 159.7 31.9 
C4 79.3 15.6 72.8 14.6 
C5 51.7 10.2 58.5 11.7 
C6 57.3 11.3 54.0 10.8 
C7 143.5 28.3 154.7 30.9 
C8 128.5 25.3 122.3 24.4 
 
Analysis of the simulation results from a particular 
simulation (close to the mean) produced using RTD 1 
suggests that four main congestion areas occur where the 
density had exceeded 4 persons / m2 for a significant 
period of time.  However, analysis of the four main 
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congestion areas (C1 – C4) revealed that none of 
the congestion areas are considered significant i.e. 
population densities of 4 persons/m2 for more than 
10% of the total simulation time [4] (see Table 4). 
 
Using the IMO response time distribution, the 
vessel is therefore considered to pass the MSC 
1033 criteria in terms of total time required for the 
assembly process and the level of congestion 
observed.  This type of analysis was repeated for 
RTD 2.  This revealed that there were eight main 
areas of congestion C1 – C8 (see [4] for a 
description of the congestion locations). Areas C1 
to C4 are in the same location as those noted using 
RTD 1 only are more severe i.e. last for longer 
duration.   The congestion levels experienced in 
all eight locations are considered serious as all 
produce congestion levels exceeding the 4 persons 
/ m2 for 10% total assembly time criteria specified 
in MSC 1033 [4, 10] (see Table 4).  Thus, the 
vessel is deemed to fail the IMO day case scenario 
due to the levels of congestion experienced. 
 
We note that for the two new log-normal response 
time distributions (RTD 5 and 6), the same eight 
congestion regions are identified as were found 
using the retail premises response time 
distribution.  For each of these two response time 
distributions, all eight identified regions produce 
congestion exceeding 10% of the total assembly 
time and thus the vessel is deemed to fail the IMO 
congestion requirement.  Thus, using any one of 
the three log-normal response time distributions 
would lead to the same conclusions concerning 
the suitability of the vessel.  
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Figure 16: Comparison of probability density 
distributions for RTD2 (retail premises [4]), 
RTD5 (bar) and RTD6 (aircraft seating area) 
 
Comparing the three log-normal distributions, it is 
clear that RTD 2 produces the greater levels of 
congestion (see Table 4).  This is due to the larger 
proportion of short response times and the shorter 
range of response times (see Table 2 and Figure 
16) found in this distribution compared to the 
other two response time distributions.  Of the 
three response time distribution curves, RTD 2 
would therefore produce the most challenging congestion 
test conditions.   However, RTD 2 is not generated from 
a maritime scenario and so it can be argued that it is not 
truly representative of the maritime environment.   
 
RTD 5 and RTD 6 identify identical congestion problem 
areas and broadly similar levels of congestion.  However, 
RTD 5 produces longer assembly times due to its larger 
range of response times.  Furthermore, RTD 5 is based 
on data from two separate trials while RTD 6 is based on 
data from a single trial.  In addition, RTD 5 is based on a 
larger set of data than RTD 6.  We therefore have a 
greater degree of confidence in the validity of RTD 5 
compared with RTD 6.  
 
Of all the simulations, the ones involving the Bar 
response time distribution (RTD 5) produces the longest 
total assembly times.  As noted above, this is due to RTD 
5 generating the largest range of response times.  It 
therefore produces the most challenging total assembly 
time test conditions.   
 
Of the four response time distributions, it is thus 
suggested that RTD 5 (described by equation (2)) is the 
best candidate for use in Day Case evacuation scenarios. 
However, as the probability density distribution is 
truncated at 300 seconds, the area under the curve will no 
longer equal 1.0.  In order to keep the area equal to 1.0 
we must multiply the probability density equation by a 
factor which scales the area back to 1.0.  The factor may 
be found by integrating probability density distribution 
given by equation 2 from 0 to 300 seconds.   This 
produces the following functional form,  
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with x < 300 seconds. 
 
It is recommended that the probability density 
distribution given by equation (5) be adopted as a 
replacement to the existing Day case uniform random 
distribution found in MSC 1033.  
 
6.2 SUGGESTED NIGHT RESPONSE TIME 
DISTRIBUTION 
 
In the recommended IMO night case analysis [10], 
passengers are assumed to be located only in their cabins 
and are assumed to be asleep at the start of the 
evacuation.  None of the response time distributions 
derived from the Roma trials strictly meet this 
requirement.   Of all the data collected during the Roma 
trials, the Cabin Response Time data comes closest to 
meeting the MSC Night scenario requirements.  
 
While the Cabin response time data is not representative 
of sleeping passengers in their cabins, data from these 
trials can be used to postulate a response time distribution 
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that may be representative of sleeping passengers 
in their cabins.  It was noted that six passengers 
that were located in their cabins and were believed 
to be sleeping or in the shower could have 
produced response times in the range 400 – 520 
seconds.  Furthermore, the distribution shown in 
Figure 14 and described by equation 4 could be 
used to describe the response time of awake 
passengers in their cabins.  Thus, it is suggested 
that a reasonable distribution to use in the night 
scenario (to represent sleeping passengers in their 
cabins) would be to adopt the distribution shown 
in Figure 14 and described in equation 4 with the 
curve translated to the right by 400 seconds.   
 
Thus, the response time probability density 
distribution for sleeping passengers in their cabins 
would be represented by the log-normal 
distribution described by equation (6).  The 
response time data described by this equation 
extends from 400 seconds to 700 seconds and the 
equation has a scaling factor of 1.01875 
introduced to maintain the total area beneath the 
curve to 1.0.  This compares with the MSC 1033 
night time distribution of 420-780 seconds defined 
using a uniform random distribution.  
 
( )( ) ⎥⎦
⎤⎢⎣
⎡
×
−−−−= 2
2
84.02
95.3400lnexp
)400(84.02
01875.1 x
x
y π
 
(6)  
 
 with  400 < x < 700 s. 
 
It is recommended that the probability density 
distribution given by equation (6) be adopted as a 
replacement to the existing Night case uniform 
random distribution found in MSC 1033.  
 
7.0 CONCLUDING COMMENTS 
 
Passenger response time data collected from two 
trials held at sea has been presented in this paper.  
The response time data distributions closely 
resemble log-normal distributions, similar to that 
generated from land-based evacuation drills and 
significantly different to the uniform random 
distribution specified in the MSC 1033 evacuation 
protocol.    
 
Using the data derived from these trials, response 
time probability density distributions have been 
suggested to replace the existing uniform random 
distribution specified in the MSC 1033 evacuation 
analysis protocol for the day and night scenarios.  
The new curves, in particular the curve for the day 
scenario, has the advantage of being based on 
relevant experimental data as opposed to the 
existing curve which has been arbitrarily defined 
by committee.  
 
Using the suggested probability density curves in 
certification evacuation analysis is therefore likely to 
facilitate more reliable insight into the strengths and 
weaknesses of a given vessel layout than the current 
method.  The range in response times for the suggested 
day and night distributions start earlier and end earlier 
than the suggested in MSC 1033.  When utilised in 
evacuation analysis, the suggested curves are therefore 
likely to produce shorter assembly times, but greater 
opportunity for congestion as more passengers respond to 
the call to assemble early on in the assembly process than 
produced by the current response time distributions.  
 
While data was not derived from the trials that could be 
used directly to specify appropriate times for the MSC 
1033 night case scenario, a distribution has been 
suggested based on trial observations.  The postulated 
night case response time probability density distribution 
is derived from the response time data for passengers in 
their cabins translated to the right by 400 seconds. The 
shape of the distribution is again log-normal and is based 
directly on data measured in both trials.  The translation 
of 400 seconds is based on the observation that a handful 
of passengers in their cabins were likely to be asleep at 
the time of the trial and required at least this amount of 
time to respond.   
 
In using this data it should be recalled that during the 
trials the passengers received significant forewarning of 
the impending assembly drill.  It is therefore advisable 
that the response time data should only be considered 
appropriate for applications in which the passengers are 
likely to be pre-alerted of the possible need to evacuate 
the vessel.  
 
As more data is collected from sea trials, the response 
time data used in evacuation certification analysis can be 
refined and more confidence in the validity of the data 
can be established.  Furthermore, with the collection of 
more data, it may be possible to define response time 
data appropriate for different regions of a vessel (e.g. 
cinema and dinning room), specialist population types 
(elderly population, mixed age population) and even 
different vessel types (e.g. cruise ship, passenger ferry).  
In this way a more accurate representation of passenger 
response can be incorporated into certification evacuation 
analysis.  
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